Hydrothermal synthesis of potassium hexatitanate (KTO) was carried out under supercritical water conditions. Characterization of the hydrothermally synthesized (ht-) KTO samples by XRD and TEM revealed that fibrous materials can be obtained with the crystal growth in the direction of (010). To determine the optimum Ru loading for highly active photocatalyst, Ru ion exchange on the ht-KTO was examined with the variation of RuCl3 concentration. The maximum photocatalytic activity of RuO2 loaded ht-KTO was achieved when the Ru loading was 1.0wt% which was much higher in comparison with the solid-state synthesized KTO.
Introduction
Alkali-metal hexatitanate is one of the semiconductiong photocatalysts which has the capability of invoking a photocatalytic decomposition of water to produce H2 and 02 in the presence of ruthenium oxide as a promoter. [1] [2] [3] [4] [5] The structure of potassium hexatitanate (KTO) is one in which the octahedral TiO6 units share an edge at one level in a linear groups of three, giving rise to a rectangular tunnel structure. [d] The presence of these tunnels in the structure has the advantage of being able to accommodate ruthenium oxide, thus enhancing further catalytic activity. In previous studies, the synthesis of KTC employed for photocatalytic studies, so far has been by the solid-state reaction. In synthesizing catalytic support materials, generally a method that can produce large surface area and nanostructure products is desirable.
Supercritical hydrothermal processing is a prospective method to obtain highly crystalline nanoparticles, because supersaturation degree is higher compared to under subcritical conditions due to low solubility of metal oxide and dehydration of hydrous metal oxide proceeds under supercritical conditions owing to low dielectric constant. [7] [8] We have demonstrated hydrothermal synthesis of KTO under various subcritical and supercritical water conditions and the photocatalytic activity for water decomposition over Ru02 loaded KTO synthesized under supercritical conditions was remarkably higer than that over Ru02 loaded KTO synthesized under subcritical conditions because the crystallinity of the KTO is beneficial to a certain extent for highly photocatalytic activity as well as large surface area. [9] In the present paper, ruthenium ion exchange reaction on KTO was examined to elucidate the mechanism of ruthenium uptake and determine the optimum Ru loading for photocatalytic decomposition of water to prepare a highly active photocatalyst compared with the conventional solid-state synthesized KTO. Figure 1 shows the Scanning electron micrographs of the KTO samples synthesized by the hydrothermal method and the solid-state reaction method. The micrograph of the ht-KTO sample showed similar morphology of long, felt-like fibrous structure, while that of ss-KTO sample exhibited sword-like structure with larger particle size as compared to ht-KTO sample. The X-ray diffraction patterns of ht-KTO and ss-KTO samples can be assigned to K2Ti6O13 (JSPDS40-0403), in which the peak at d(020) is more intence for the ht-KTO sample than that for the ss-KTO 
Vol.14 Supplement (2003) perpendicular to the sheet of the rectangular tunnels. To elucidate the Ru uptake mechanism on the KTO, Ru ion-exchange reaction was carried out with the variation of Ru concentration. Figure 3 exhibits Ru uptake, K released, and K/Ru molar ratio, as a function of initial Ru concentration. The Ru uptake linearly increases with the Ru concentration and saturated to 0.18 mmol/g. The amount of K released also increases with the Ru concentration, whereas the saturation occurs at lower Ru concentration. The K/Ru molar ratio decreases with the Ru concentration from 3 to unity. This is not in accord with the former result that Na/Ru molar ratio was 2 in different Ru concentrations. [1] The equilibrium pH decreases with an increase in the Ru concentration, which suggests that hydrolysis occurs at the higher Ru concentration. Therefore, K ions are presumably exchanged with Ru(OH)2+ at high Ru concentration.
The ht-KTO sample having larger surface area is expected to have better dispersion of ruthenium oxide.
The higher dispersion of ruthenium oxide will increase the efficiency of photoexcited charge separation and transfer to the surface reactants, thus, giving raise to the higher activity. On the other hand, in the larger particles of ss-KTO sample, the photoexcited charges generated might have recombined in the KTO and transfer of charge to the surface through the ruthenium oxide might not take place at all. (395) On the basis of the TEM observation for the Ru loaded ss-KTO sample, larger spots with a diameter of 3-5 nm are uniformly dispersed on the surface, which spherical spots can be attributed to the rutenium oxide. On the other hand, in the micrograph of the Ru loaded ht-KTO sample, these spots can not be easily observed at low Ru loading. These results suggest that ruthenium oxide might be dispersed in the inner lattice of the ht-KTO sample at low Ru loading.
The larger amount of the optimum Ru loading for the catalyst of smaller particle size is due to its higher surface area. Rutemum oxides deposited inside the tunnel structure are available for separation of reaction products as well as separation of charges. However, excess loading of Ru produces agglomeration of ruthenium oxides at the surface, a part of which works as the recombination center.
In summary, this study has demonstrated the advantage of the hydrothermal synthesis in supercritical water to prepare a highly active photocatalyst compared with the conventional solid-state reaction. The fibrous structure with large surface area accounts for the dispersion of ruthenium oxides in the inner lattice of the ht-KTO.
